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ABSTRACT 

Context. The origin and evolution of supernova remnants of the mixed-morphology class is not well understood. Several remnants 
present distorted radio or X-ray shells with jet-like structures. G290. 1-0.8 (MSH 1 1-61A) belongs to this particular class. 
Aims. We aim to investigate the nature of this supernova remnant in order to unveil the origin of its particular morphology. We based 
our work on the study of the X-ray emitting plasma properties and the conditions imposed by the cold interstellar medium where the 
remnant expanded. 

Methods. We use archival radio, Hi line data and X-ray observations from XMM-Newton and Chandra observatories, to study 
G290. 1-0.8 and its surrounding medium in detail. Spatially resolved spectral analysis and mean photon energy maps are used to 
obtain physical and geometrical parameters of the source. Radio continuum and H i line maps give crucial information to understand 
the radio/X-ray morphology. 

Results. The X-ray images show that the supernova remnant presents two opposite symmetric bright spots on a symmetry axis running 
towards the North West-South East direction. Spectral analysis and mean photon energy maps confirm that the physical conditions of 
the emitting plasma are not homogeneous throughout the remnant. In fact, both bright spots have higher temperatures than the rest of 
the plasma and its constituents have not reached ionization equilibrium yet. H i line data reveal low density tube-like structures aligned 
along the same direction. This evidence supports the idea that the particular X-ray morphology observed is a direct consequence of 
the structure of the interstellar medium where the remnant evolved. However, the possibility that an undetected point-like object, as a 
neutron star, exists within the remnant and contributes to the X-ray emission cannot be discarded. Finally, we suggest that a supernova 
explosion due to the collapse of a high-mass star with a strong bipolar wind can explain the supernova remnant morphology. 

Key words. ISM: individual objects: G290. 1-0.8 - ISM: supernova remnants - X-ray: ISM - radiation mechanism: thermal 



dKesteven & Caswell 119871) and 5 and 8 GHz dMilne et all 
119891) . it was classified as a shell-type SNR, with an angu- 
lar size of 15 x 10 arcmin and a spectral index of a = -0.4 
(S o c y"). Using high re solution radio continuum and CO 
data, iFihpovic et al.1 d2005l) studied its morphology and kine- 
matics in detail. They found that the SNR is associated with a 
dense molecular clo ud located to the South West. More recently, 
iRevnoso et al.l d2006l) . using H i line and 20 cm radio-continuum 
observations performed with the Australia Telescope Compact 
Array (ATCA), showed that the gas distribution and kinematics 
in front of the SNR are complex and estimated that it probably 
lies in the Carina arm, at a distance of 7±1 kpc. 



At X-ray energies, G290. 1-0.8 was first studied bv lSewardl 
(1990) with the Einstein Observatory. These observations per- 
mited to es tablish the center - filled nature of the X-ray emis- 
sion. Later. IsTane et al.l (120021) analyzed Advanced Satellite for 
Cosmology and Astrophysics (ASCA) observations of the object 
and found that the X-ray emission is of thermal nature. They also 
classified the remnant as a member of the mixed-morphology 



1. Introduction 

The origin of supernova remnants (SNRs) displaying a dis- 
torted radio or X-ray shell with two opposite, symmetric bright 
hot spots is not well understood. Possible physical scenarios 
to explain the observed morphology include: the SNR expan- 
sion into multiple cavities in the interstellar medium (ISM) 
(Bra un & StromLll986l:lPineault et all 1987: Mi lne et al.Lll989t 
Dubn er et al. [ 119941) . expansion of the SNR throu gh the progen- 
itor w ind with axisymmetric density distribution (Blondin et al., 
Il996l) . or the presence of a central source which produces col- 
limat ed outflows that impact on t he shell in two opposite direc- 
tions ( Murata & Shi bazakil Il996l) . 

In the Galaxy, ther e are several SNRs with these morpho- 
logical characteristics dGaensleret all Il998l> . G290.1-0.8 is a 
member of this peculiar class of sources. The object was first 
identi fied as a SNR o n the basis of its non-thermal radio spec- 
trum dKesteverifl%8l Through radio observations at 408 MHz 
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Table 1. Details of the Chandra and XMM-Newton observations of G290. 1-0.8. 



Satellite 

Obs-Id 

Date 

Start Time [UTC] 

Camera 

Filter 

Modes (read/data) 
Offset 

Exposure [ks] 
GTI [ks] 



Chandra 



XMM-Newton 



2754 
16/07/2002 
03:12:39 
ACIS-235678 

TIMED/VFAINT 
ccd7 - on axis 
29.71 
26.04 



3720 
21/07/2002 
01:45:38 
ACIS-235678 

TIMED/VFAINT 
ccd7 -on axis 
33.66 
30.59 



0111210201 

28/07/2002 
02:29:26 
pn/MOSl,2 
MEDIUM 
PFWE 
on-axis 
6.04-10.8-10.8 
5.89-10.6-10.6 



0152570101 
21/07/2002 
16:56:39 
MOS1.2 
MEDIUM 
PFWE 
on-axis 
62.2-62.3 
60.6-60.6 



Notes. All observations were taken from the respective satellite databases. PFWE refers to the Prime Full Window Extended observation mode. 
Pointing of Chandra observations are a= 1 l*02 m 57.20, <5=-60°54'34'.'0 (J2000.0). 
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Fig. 1. Chandra (left panel) and XMM-Newton (right panel) images of G290. 1-0.8 in the three X-ray energy bands: soft (0.5-1.2 
keV) in red, medium (1.2— 1.8 keV) in green, and hard (1.8-2.8 keV) in blue. Right panel also shows the radio contours at 843 MHz 
dWhiteoak & Greed. 1 19961) overlaid in white. The five regions selected for the extraction of photons for our spectral study are also 
indicated in yellow. In both images North is up and East is to the left. 



(MM) class (see e.g. iRho & Petrel 1 19981) . and estimated that its 
age should be 10-20 kyr. 

The question about the origin and evolution of G290. 1-0.8 
and its particular morphology is still unanswered. In this pa- 
per, we report the results of the analysis of XMM-Newton and 
Chandra observations of G290. 1-0.8. We study the physical 
characteristics of the object and present a possible scenario to 
explain the origin of its elongated and axisymmetric morphology 
observed at radio and X-ray frequencies. The structure of the pa- 
per is as follows: in Sect. 2, we describe the XMM-Newton and 
Chandra observations and the data reduction process. In Sect. 3, 
we present the results of our radio/X-ray data analysis, including 
X-ray images, spectra, mean photon energy map and the study 
of the Hi line in the medium where the SNR is immersed. In 
Sect. 4, we discuss a possible scenario to explain the origin of 
the observed morphology and finally, we summarize our main 
conclusions in Sect. 5. 



2. Observations and data reduction 

The field of G290. 1 -0.8 has been observed by the XMM-Newton 
observatory twice. The observations were performed with the 
European Photon Imaging Ca mera (EPIC) that co nsists of three 
detectors (two MPS cameras dTurner et all 1200 ll) and one pn 
(IStriider et all l200~fl) camera) operating in the 0.2-15 keV en- 
ergy range. Both observations have similar pointing coordi- 
nates (a= 1 l /, 03 m 00 s .0, <5=-60°54'0070 ; J2000.0), with the SNR 
placed at the center of the CCDs. Two Chandra X-ray obser- 
vations with the Advanced CCD Image Spectrometer (ACIS-I) 
camera are also available. ACIS-I operates in the 0.1-10 keV 
energy band with high spatial resolution (~0.5 arcsec). Such a 
large dataset give us the possibility, by the first time, to perform a 
detailed X-ray analysis of SNR G290. 1-0.8. XMM-Newton data 
were analyzed with the XMM-Newton Science Analysis System 
(SAS) version 1 1.0.0 and the latest calibrations. Chandra obser- 
vations were calibrated using CIAO (version 4. 1 .2) and CALDB 
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(version 3.2.2). To exclude intense background flares periods, 
which could eventually affect the observations, we extracted 
light curves of photons above 10 keV from the entire field-of- 
view of the cameras, and excluded intervals up to 3cr to pro- 
duce a Good Time Interval (GTI) file. Detailed information of 
the observations and the instrumental characteristics are given 
in Tabled] 

3. Results 

3. 1 . X-ray images 

The high spatial resolution and sensitivity of the X-ray ob- 
servations allowed us to examine the X-ray morphology of 
G290. 1 -0.8 in depth. In Figure[T| we show Chandra (left panel) 
and XMM-Newton (right panel) narrow-band images generated 
in the soft (0.5-1.2 keV), medium (1.2-1.8 keV) and hard 
(1.8-2.8 keV) energy bands. On the right panel of Figure Q] 
we also present the 843 MHz radio contours overlaid (in 
white color). Thes e radio contours correspon d to the Supernova 
Remnant Catalog dWhiteoak & Gr een. 1996) from the Molonglo 
Observatory Synthesis Telescope (MOST). To produce the X- 
ray image, the data of both MOS cameras were merged, expo- 
sure and vignetting corrected, and smoothed with a 3 pixel radius 
Gaussian filter. 

The XMM-Newton and Chandra images reveal details of the 
X-ray structures of G290. 1-0.8 t hat ha ve not been found in pre- 
vious X-ray studies (ISlane et all 12002). The global shape of the 
SNR is elongated along its North West/South East axis with two 
opposite, symmetric bright spots almost dettached from the dif- 
fuse central component region. In the North East/South West di- 
rection there are also two ear-like structures diametrically op- 
posed with respect to the geometric center of the SNR. The ex- 
tended X-ray emission fills the entire interior of the outer radio 
boundary, being quite prominent at medium and hard energies. 
The southern, northern and external parts of the ear-like compo- 
nents are brighter in medium and hard energies relative to the 
total X-ray emission. Above 2.8 keV, no emission from the SNR 
is detected in any of the X-ray observations. It is also remark- 
able that the presence of a compact point-like source (a putative 
pulsar) within the remnant could not be revealed in any of the 
X-ray images obtained from the available data. 

3.2. X-ray spectral analysis 

In order to thoroughly study the physical conditions of the 
plasma, we performed spatially resolved spectral analysis of 
the SNR using XMM-Newton data. Based on the morphology 
observed in the X-ray images, we produced spectra along the 
North West/South East axis direction in three different regions 
named: South East (SE), Central (CT) and North West (NW), 
and for other two zones in the perpendicular line, labeled: South 
West (SW) and North East (NE) (see Figure Q] right panel). 
These regions were chosen large enough to have good photon- 
statistics and small enough to admit the comparison of their 
plasma conditions. Spectra were extracted using evselect SAS 
task with the appropriate parameters for EPIC pn and MOS 1/2 
cameras. Ancillary Response Files (ARFs) and Redistribution 
Matrix Files (RMFs) were produced by use of the arfgen and 
rmfgen SAS tasks, respectively. Background was subtracted us- 
ing the XMM-Newton Blank Sky files dCarter & Readll2007l) for 
the same five regions. 

Figure|2]shows the background subtracted spectra of each se- 
lected region of the SNR obtained from the XMM-Newton EPIC 
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Fig. 2. XMM-Newton MOS 1/2 spectra of the five SNR selected 
regions (Figure [TJ. Solid lines indicate the best-fit VPSHOCK 
model (see Table Lower panels are the^- 2 fit residuals. 
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Table 2. Spectral parameters of the diffuse X-ray emission of the five selected regions. 



Model & Parameters 



PIIABS*VPSHOCK 



CT region SW region NE region NW region SE region 



Nh [10 22 cm" 2 ] 




0.62±0.01 


0.61±0.03 


0.50+0.02 


0.43+0.02 


0.61+0.04 


kT [keV] 




0.593±0.008 


0.57±0.02 


0.63+0.02 


0.89+0.03 


0.84+0.05 


O[O ] 




0.61±0.06 


0.9±0.2 


0.4+0.1 


0.13+0.07 


0.3+0.1 


Ne [Ne G ] 




n o/c i n r\i 


n 11 i n no 


U.l /±U.Uo 


n 11 1 n no 


U.U/+U.ID 


Mg [M go ] 




\J.yj±\J.\Jj 


U.o 1±U.U / 


u.oo±u.uj 


U.OU+U.UO 


U.01±U.UO 


Si [Si s ] 




1.76±0.04 


1.5+0.1 


1.18+0.07 


1.15+0.06 


1.35+0.09 


S[S ] 




1.4+0.1 


1.3+0.3 


1.13+0.2 


1.0+0.1 


1.0+0.2 


Fe [Fe Q ] 




0.080±0.005 


0.12+0.01 


0.09+0.01 


0.02+0.01 


0.02+0.01 


r[10 13 scnr 3 ] 




>5 


>5 


4.15+0.5 


0.12+0.08 


0.03+0.01 


Norm [10~ 3 ] 




13.2±0.4 


2.3+0.2 


4.4+0.2 


3.0+0.2 


2.0+0.3 


Xt/d.o.1 


1.58/345 


1.13/337 


1.00/343 


1.32/342 


1.12/340 


Flux(0.3-1.0 keV)[10- 13 erg cm" 2 




84.5±0.5 


18.0+0.4 


25.5+0.4 


17.2+0.3 


24.1+0.5 


Flux(1.0-2.0keV)[10- 13 erg cm" 2 




35.9±0.2 


6.18+0.2 


10.3+0.2 


9.07+0.2 


6.70+0.2 


Flux(2.0-3.0 keV)[10~ 13 erg cm" 2 




5.28±0.04 


0.80+0.02 


1.71+0.03 


2.59+0.05 


1.42+0.03 


Total Flux(0.3-3.0keV)[l(r 13 erg 


-2 -In 

cm s ] 


126+1 


25.0+0.6 


37.5+0.6 


28.8+0.5 


32.2+0.7 



Notes. Normalization is defined as 10 M /4nD 2 x J n H n e dV, where D is distance in [cm], n H is the hydrogen density [cm 3 ], n e is the electron 
density [cm -3 ], and V is the volume [cm 3 ]. Fluxes are absorption-corrected and e rror values are in the 90% confidence level for every single 
parameter. Abundances are relative to the solar values of lAnders & Grevessd d!989l) . 




!.0 12.5 13.0 

og(r UL ) [s cm -3 ] 




21.55LU 



0.7 0.8 
Temp. [keV] 



Fig. 3. Left Panel: temperature and ionization timescale (t u £) of the five selected regions. Equilibrium regime (t u i > 10 13 s cm -3 ) 
is highlighted in orange color. Right Panel: distribution of the temperature and absorption (Nh) values obtained in the regions 
considered. 



MOS1/2 data. In the plots, the spectra are grouped with a mini- 
mum of 16 counts per bin. Error bars are quoted at 90% and y 1 
statistic is used. The spectral an alysis was performed using the 
XSPEC package dArnaud[l996T) working in the 0.3-3.0 keV en- 
ergy range, because no X-ray emission was detected besides this 
limit. 

The X-ray spectra are dominated by weak and intense emis- 
sion lines. Following the interactive guide for ATOMDB0 we 
were able to identify the most prominent lines according to their 
transition intensities. Observed features in the spectra corre- 
spond to atomic transitions of O vn (0.66 keV), Ne ix (0.91 keV), 
Mgxn (1.47 keV), Sixm (1.85 keV), Sxv (2.4 keV) and Fexxi 

1 http ://cxc .harvard, edu/ atomdb/WebGUIDE/index. html 



(0.99 keV). However, due to the moderate spectral resolution 
of the EPIC cameras, most features are strongly affected by line 
blending, biasing the identification and abundance determination 
of single chemical elements. 

The spectra of the diffuse emission were fitted with 
various models: a simple Bremsstrahlung model with 
Gaussian lines, VMEKAL, VNEI, and VPSHOCK, each 
modified by an absorption interstella r model (PHABS; 
Balu cinska-Church & McCammonL Il992l) . After several tests, 
we found that the best-fit was computed using a VPSHOCK 
model, thus confirmi ng the thermal nature of the emitting 
plasma also found by Slane et aTJ d2002h . 
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The X-ray parameters of the best-fit to the diffuse emis- 
sion spectra in the five regions are given in Table [2] In Figure 
[3] we also present plots to illustrate several important results 
that we deduce from the spectral analysis. Regions named CT, 
NE and SW display high values of ionization timescale (r ~ 
5 x 10 13 s cm 4 ) suggesting that the plasma has reached the ion- 
ization equilibrium, while NW and SE zones show low values 
(t $ 10 12 s cm -3 ), indicating that the hot plasma is not yet in 
equilibrium (see left panel of Figure 0. The values of Nh ob- 
tained for each region are similar. However, it is interesting to 
note that the value of A^h in the NW region is 30% less than 
in the opposite SE region. This indicates that the material along 
the line of sight varies depending on the viewing angle, in ac- 
cordance to a dense environment in which the remnant expands. 
Furthermore, the temperatures obtained for the CT, SW and NE 
regions are significantly lower than the temperatures obtained 
for the NW and SE zones (see right panel of Figure[3}. In Tabled 
it can also be observed that different values are obtained for the 
abundances in CT, NE/SW and NW/SE regions. 

The differences in absorption columns and metal abundances 
shown here with respect to the previous work by ISlane et all 
(2002) can be explained in the following terms. Firstly, be- 
cause here we use more recent data from XMM-Newton that give 
enough statistics as to produce spatially-resolved high-resolution 
spectra. Se condly, because o f the different spectral model. In 
their paper, I S lane et all d2002l) added a power law to the ther- 
mal component in order to fit the data in the hard X-rays. This 
phenomenological power law extends to the soft X-rays, pro- 
ducing a soft excess which must be diminished by a higher ab- 
sorption column to fit the data in the soft band. However, XMM- 
Newton data were well-fitted using only a thermal model, with- 
out a power law, and thus giving sistematically lower absorption 
columns. Moreover, since the weight of the thermal component 
is enhanced in our fit, due to the absence of a power law, the 
emission-line profiles are fitted with lower abundances. 

The absorption corrected X-ray fluxes computed for the se- 
lected regions in the three energy ranges give important informa- 
tion too. While the entire remnant results mostly intense (~10% 
of the total) at soft energies, the rest of the X-ray emission is 
evenly distributed in the NW and SE regions compared to NE 
and S W. In the NW and SE regions the ratio hard/medium X-ray 
contribution results ~0.25, while in the NE and SW zones this 
ratio becomes ~0.15. So, the emission in the two opposite bright 
spots is harder than in the rest of the SNR. 

The emission measure (EM) of the five selected zones can 
bring an estimate of the density and the mass of the correspond- 
ing X-ray emitting plasma. Based on the X-ray image, we can 
roughly assume that the X-ray emission fills the mentioned re- 
gions. Located at a distance of 7 kpc, these regions correspond 
to X-ray emitting volumes of Vcr ~ 5.5 x 10 57 cm 3 , Vnw ~ 
2.4 xlO 57 cm 3 , V SE ~ 1.8 xlO 57 cm 3 , V sw ~0.9xl0 57 cm 3 and 
Vne ~ 2.5 x 10 57 cm 3 . Based on the EM determined by the nor- 
malizations obtained from the best-fit model, the electron den- 
sity of the plasma volumes can be approximated as n e = y/EM/V, 
which gives n e (CT) ~ n e (SW) -1.1 cirT 3 , n e (NW) ~ n e (SE) ~ 
1.0 cirT 3 and n e (NE) ~ 0.7 cm 4 . The nuclei number density is 
assumed equal to the electron density. Then, the plasma mass can 
be estimated as M = n e muV, where mu is the hydrogen-atom 
mass, resulting: M CT ~ 5.3M , M NW ~ 2.OM , M SE - 1.4M , 
Msw ~ O.8M and Mne ~ 1-5M . These are the masses of the 
ionized plasma, not to be confused with those of the atomic or 
molecular gas. 

Although the physical conditions in the NW and SE regions 
of G290. 1-0.8 are different, it is possible to obtain an estimate 



of the age of the X-ray emitting gas in these regions. The age is 
determined from the ionization timescale r, as f=r/n e . Assuming 
this relation, the cooling time of the plasma results in the range 
of 10-30 xlO 3 yr. T his result agrees with the SNR age deduced 
bv lSlaneet all d2002l) . 

3.3. Mean photon energy map 

From the spatially resolved spectral analysis, we have found that 
the selected SNR regions present considerably different plasma 
conditions. However, other areas of the SNR are still in the poor 
photon-statistics limit, which avoid us from drawing certain con- 
clusions about the energetics of the whole radiation region. 

In order to extend the study of this physical anisotropy to 
the total emission, and to get insight of the thermal structure of 
the entire SNR, we computed the mean photon energy (MPE) 
map of the entire SNR. The MPE map is an image where each 
computed pixel corresponds to the mean energy of the photons 
detected by MOS CCDs in the 0.3-3.0 keV energy band. It pro- 
vides information about the spatial distribution of the thermal 
properties of the plasma. Because this characteristic is indepen- 
dent of the spectral model, it can not be corrected by absorption, 
resulting biased to the hard X-rays. To compute this map, we 
merged EPIC MOS 1 and MOS2 event files and created an im- 
age with a bin size of 9" that collects a minimum of 4 counts per 
pixel everywhere in the remnant. For each pixel, we calculated 
the mean energy of the photons and then w e smoothed the map 
by using a Gaussian kernel value of 3cr (see Mi celi et all 12005). 

The MPE falls in the 1.1-1.9 keV range for pixels with less 
than 10 photons, but converges to a total mean value of 1 .43 keV 
for the entire SNR emission. According to the smoothed MPE 
map of G290. 1-0.8 shown in Figure [4] we are able to confirm 
the presence of a higher mean photon energy (~ 1 .65 keV) in 
the two opposite bright spots of the remnant, whereas the whole 
central part has lower mean energies (~1.3 keV). This result 
agrees with the spectral analysis showed in the previous sub- 
section where we have shown that the NW and SE zones present 
higher plasma temperatures and harder X-ray fluxes than the NE, 
SW and CT regions. 

3.4. Analysis of the cold ISM in the radio wavelengths 

The H i line observations studied by iRevnoso et al.l (120061) re- 
vealed that the gas distribution around the SNR G290. 1-0.8 
has a complex structure. The SNR lies in a high density ISM, 
possibly inside a large atomic and molecular cloud. In order 
to understand if the ISM that surrounds the remnant could af- 
fect its evolution, we used the H i data of the Southe rn Galactic 
Plane Survey (SGPS: iMcClure-Griffifhs et all l2005h to analyze 
in more detail the density distribution of the medium. Figure [5] 
shows a Hi map over the +5.8 to +11.5 km s _1 velocity range, 
with the 843 MHz MOST radio continuum contours overlaid. 
This velocity range is chosen to match the 7 kpc distance to 
the SNR. In this map, three important features can be observed: 
first, that the outer radio contour matches very well the H i di- 
minished emission seen as a rounded central cavity; second, that 
two clear elongated Hi tube-like structures in the North West 
edge extend beyond the outer radio boundary; third, that in the 
South West side a region with apparently higher density seams 
to be interacting wi th the SNR edge as previously suggested by 
iFilipovic et alJ (120051) . If this is a pre-existing structure of the 
ISM, it might be responsible of the actual radio/X-ray morphol- 
ogy- 
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Fig. 4. MOS mean photon energy map of the 0.3-3.0 keV emis- 
sion (bin size=9"). Pixels with less than 4 counts have been 
masked out. The color bar has a linear scale and the color-coded 
energy range is between 1.2 keV and 1.7 keV. 




Fig. 5. H i map (color-coded) of the ATCA + SGPS combined 
data covering SNR G290.1-0.8 over the +5.8 to +11.5 km s" 1 
velocity range, with the 843 MHz MOST radio contours over- 
laid. The H i scale is in units of Kelvin. 



The dim emission in the central region can be explained as 
a result of a real H i defect due to the passage of the SN shock 
front or as Hi foreground absorption of the SNR radio contin- 
uum. Due to the absence of a detailed model of the opacity of 
the ISM in the region, no reliable calculations could be drawn 
to find the H i density distribution in the SNR interior. However, 
the highly structured ISM where the SNR is immersed, in corre- 
lation with the X-ray morphology observed, favour the scenario 



of a pre-existing inhomogeneus environment that shaped the ob- 
served morphology. 

4. Discussion 

The peculiar morphology observed in G290. 1-0.8 could be the 
result of two possible physical scenarios (or a combination of 
both): i) a spherical explosion in a highly inhomogeneous cir- 
cumstellar and interstellar medium, or ii) the presence of an un- 
detected central source which produces jet-like structures in two 
opposite directions. The SNR spectral X-ray analysis, the MPE 
map, and the information obtained from radio data, can give us 
clues about the nature of the SNR radio/X-ray morphology. 

Our image analysis shows that the remnant has a centrally 
peaked morphology, more pronounced in the soft band, thus con- 
firming it as belonging to the MM class. Furthermore, our spec- 
tral analysis shows moderate overabundances of Si everywhere 
and of S in the central par t, a situation which is also observed in 
other MM SNRs (see e.g. lBocchino et al.Ll2009h . 

Taking into account the characteristic temperatures, ioniza- 
tion timescales and X-ray fluxes obtained in the X-ray spec- 
tral analysis, a plausible physical scenario can be outlined. 
The abrupt drop in the X-ray surface brightness on the North 
East/South West direction, together with the low temperatures 
and large ionization timescales deduced from the spectral anal- 
ysis, indicate that in these extremes the SNR shock front has 
reached high density clouds where atomic and m olecular mate- 
rial has been observed (see Fili povic et al.L 120051) . As a result, 
the original shock splitted into forward/reverse shocks, mov- 
ing along opposite directions in both media. While the forward 
shock is invisible to X-rays, the reverse shock is bright and 
clearly less energetic than the original shock. The material in the 
reverse shock cooled down, achieving the equilibrium ioniza- 
tion. Due to the presence of this reverse sh ock, the central par t 
of the SNR ejecta brightens, as is shown by Zho u et all (1201 11) . 
On the contrary, in the North West/South East direction, due to 
the presence of a pre-existing low density tube-like cavity in the 
ISM, the primary shock front easily propagated to larger dis- 
tances preserving its original energy. Thus, in the NW and SE 
regions the plasma still presents high temperatures and it is in the 
non-equilibrium ionization regime. In this sense, the radio/X-ray 
morphology of the emitting plasma and its spectral properties 
can be explained in terms of the pre-existing ISM density distri- 
bution in the surroundings of the SNR. 

After fitting the spectra with several models, we found that 
there is no significant contribution coming from a non-thermal 
component. As we already metioned, the thermal plasma is at 
different temperatures and ionization states along the remnant. 
All the emitting regions present chemical abundances that corre- 
spond to ejected material. Moreover, in order to search for a con- 
tribution from the ISM to the X-ray emission in the bright central 
(CT) region, we studied how the spectral fitting was modified 
by adding a second thermal component with solar abundance to 
the model. However, a second component did not improve the 
fit. The data was well-fitted with a single-temperature thermal 
model, suggesting that no contribution from the ISM is present 
at all. 

In order to make a quantitative comp arison of our results 
with those obtained by ISlane et al .] (I2002h using ASCA data, 
in the upper panel of Figure [6] we present temperature radial 
profiles of the SNR, derived from our spatially resolved spec- 
tral analysis (see Table 0. In addition, in the lower panel, we 
also show normalized surface-brightness profiles, resulting from 
the photon counting of MOS 1/2 cameras. In both cases, we 
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placed the origin of the radial profiles at the proyected geomet- 
rical centre of the SNR. After normalization, both ASCA and 
XMM-Newton surface-brightness profiles show the same trend. 
However, our data are always below the ASCA profile. On the 
contrary, our temperature profile is higher than the profile de- 
rived from the ASCA data all through the remnant. In particu- 
lar, strong differences occur in the most outer regions, where 
the ejected material, out of ionization equilibrium, presents tem- 
peratures remarkably higher than the rest of the remnant. We 
suggest that this is a consequence of the boundary conditions 
imposed by the ambient where the remnant developed, with a 
pre-existing elongated cavity in the North East-South West di- 
rection, and two dense regions in the opposite sides. These con- 
ditions that we interpret as fundamental tracers of the observed 
m orphology, are not taken into account in the model proposed 
bv lSlane et al.l(l2002l) . 

Despite that in the a nalysis performed bvlSlane et al.l (120021) . 
the cloudy model from Whi te & Long! d 1 99 lb is the best choice 
to explain the observations, they also point out that some prob- 
lems remain, i.e. they found longer cloud evaporation time than 
the age deduced for the remnant, and the observed X-ray profile 
results steeper than expected. Moreover, the cloudy model repre- 
sents a situation in which a remnant expands into uniform media. 
Our analysis shows clearly that this is not the case. Finally, this 
model can not explain the presence of any ejecta in the central re- 
gion, whereas we have detected ejecta-like abudances pattern in 
the centre of this remnant. Therefore, an explanation for the cen- 
trally bright morphology in terms of the result of shock reflected 
off dense clouds in the environment, which add i tional ly com- 
press the ejecta in the centre (see e.g. Zhou et al l l201lh . seems 
much more plausible than the evaporative model proposed by 
ISlane et al.l d2002l) . 

In order to disentangle this point, a quan titative comparison 
of our results with the model proposed by IZhou et al ] (120111) 
would be helpful. However, their simulations were fitted to re- 
produce the morphology of SNR W49B, and developing a full 
numerical model for G290. 1-0.8 is out of the scope of this paper. 

The fact that all through the remnant the Fe abundance is 
low ($0.1) favours the possibility of a supernova originated as 
the result of the collapse of a high-mass star. This is also con- 
firmed by a quick comparision between the Mg /Si , S /Si and 
Fe/Si abudances ratio (0.5, 0.8 and 0.05 respectively, in the 
centre region), which are broadly con sistent with the 25-30 
M model of IWooslev & Weaver] (1 19951) and very i nconsistent 
with a ny degenerate scenario (see, e.g. table 3 of iTroia et al.l 
(2008) and references therein). Furthermore, a strong bipolar 
wind from the progenitor star could be the responsible of the 
elongated structured environment, because high-mass stars can 
deposit ~10 51 erg of kineti c energy to their environme nt through 
a strong asymmetric wind dLamers & CassineTu1 . ll999h . 
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Fig. 6. Upper panel: Comparison of the temperature distribution 
derived from our XMM-Newton da ta analysis with the radial pro- 
file presented bv lSlane et al.l d2002l) . Lower panel: same as the 
upper panel for the surface-brightness profiles. 



5. Conclusions 

We have analyzed radio, X-ray and H i data of SNR G290. 1-0.8 
to investigate the origin of the peculiar morphology observed at 
radio/X-ray frequencies, as well as the interaction of the source 
with the surrounding ISM. The gathered multiwavelength infor- 
mation supports an astrophysical scenario in which the radio and 
X-ray morphologies are the result of a spherical explosion in a 
high density medium presenting a pre-existing low density cav- 
ity with a tube-like structure in the North West/South East direc- 
tion. 

The X-ray spectral analysis and the MPE map confirm that 
the physical conditions of the plasma are not homogeneous 



throughout the remnant. While the X-ray emission in the CT, 
NE and SW regions have reached the ionization equilibrium, in 
the NW and SE zones the emitting plasma remains in the non- 
equilibrium ionization regime. Furthermore, the temperatures in 
the CT, SW and NE parts are significantly lower than those ob- 
tained for the NW and SE regions. The chemical abundances are 
also different, and in all cases correspond to an ejecta compo- 
nent. 

Based on the results of this X-ray analysis, we suggest that a 
standard scenario involving one core-collapse supernova origin 
can be enough to explain the particular morphology here ob- 
served, if the action of the pre-existent surrounding environment 
is taking into account. In this case, a strong bipolar wind from 
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the progenitor star could be responsible of the tube-like elon- 
gated cavities observed at the radio wavelengths. 

Although the evidence here obtained supports that the SNR 
is the result of a spherical explosion in an anisotropic high den- 
sity medium, the possibility that an undetected point-like object 
inside the SNR, as a neutron star, be contributing to the origin of 
the X-ray morphology, cannot be ruled out. 

Deeper Chandra observations could help to reveal more de- 
tails of the X-ray emission and to discern the presence of a com- 
pact point-like X-ray source within the remnant. 
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